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Supplemental Methods

All animal experimentation was approved by the Institutional Animal Care and Use Committee
of the University of Nebraska Medical Center and performed in accordance with the National
Institutes of Health’s Guide for the Care and Use of Laboratory Animals. Experiments were
performed on adult, male, 400-500-g Sprague-Dawley rats purchased from the Charles River

Laboratories. Animals were housed on-site and given a one-week acclimation period prior to
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experimentation. Food and water were supplied ad libitum, and rats were housed on a 12-hour

light/dark cycle. The overall experimental protocol is outlined in Supplemental Figure 1.

Rat model of CHF and chronic cardiac sympathetic afferent desensitization

Myocardial infarction (MI)-induced CHF was produced by coronary ligation as previously
described.! Briefly, rats were anesthetized with 2%-3% isoflurane-oxygen mixture during the
surgical procedure with positive pressure mechanical ventilation at a rate of 60 breaths per min.
A left thoracotomy was performed through the fifth intercostal space to expose the heart and the
pericardium was opened. The left anterior descending coronary artery was ligated with a 6-0 silk
suture. The thorax was closed and intrapleural pressure was re-established. Sham animals
underwent the same procedure, including the thoracotomy, except no coronary ligation was
performed. Buprenorphine (0.05 mg/kg, SC) was given once immediately following surgery and
on post-operative day 1 and 2 for alleviation of pain. Cardiac function including ejection fraction
(EF) and fractional shortening (FS) were measured using high frequency echocardiography
(VEVO 3100; Visual Sonics). At the time of terminal experiments, rat infarct size was
determined as previously described.! Rats (n=16) with less than 15% infarct size were considered
as mild infarction and excluded from this study.

In a subgroup of the rats that were assigned to receive MI procedures, the epicardial application
of resiniferatoxin (RTX; 50 ug/mL) was performed to desensitize the CSAR by afferent ablation
as previously described.! RTX (Sigma-Aldrich; 50 pg/mL) was painted twice on the entire
surface of the left and right ventricles with a small brush just prior to coronary artery ligation.
Vehicle (2 mL of ethanol mixed with 18 mL of Tween in isotonic saline) was painted on the

ventricles as a control. The dose of RTX was determined in a previous study' in which we found



nearly complete ablation of TRPV1-expressing cardiac nerve endings on the surface of the rat
heart. The same dose of RTX also abolished functional activation of the CSAR by epicardial

application of exogenous bradykinin (BK; 10 pg/mL).!

Hemodynamic, renal blood flow measurements, and activation of the CSAR

In acute terminal experiments, rats were anesthetized with urethane (800 mg/kg I.P) and a-
chloralose (40 mg/kg IP). The trachea was cannulated, and the rat was ventilated artificially with
room air supplemented with 100% oxygen. A heating pad was used to maintain body
temperature at approximately 37 °C during the experiment. Left ventricular end-diastolic
pressure (LVEDP) and left ventricular end-systolic pressure (LVESP) were measured using a
Millar catheter (SPR 524; size, 3.5 F; Millar Instruments) that was placed though the right
carotid artery into the left ventricle. Arterial pressure (AP) and mean arterial pressure (MAP)
were recorded when the Millar catheter was pulled back into the aorta. Heart rate (HR) and MAP
were derived from the AP pulse using LabChart 7.1 software and a PowerLab model 16S
(ADInstruments) data acquisition system. A polyethylene catheter was placed in the right jugular
vein for intravenous injections. After jugular vein cannulation, the cervical vagi were sectioned
bilaterally in order to isolate the CSAR from vagally mediated reflexes. A perivascular flow
probe (0.5 VB587; Transonic Systems), connected to a flow meter (T106 small animal flow
meter; Transonic Systems), was placed around the left renal artery to allow continuous recording
of renal blood flow (RBF) both at rest and during CSAR activation. Renal vascular resistance
(RVR) was calculated as MAP/RBF. To activate the CSAR, a left thoracotomy was performed
through the fourth intercostal space, and the heart was exposed. A square of filter paper (3 mm x

3 mm) saturated with BK (10 ug/mL) was applied to the anterior surface of the left ventricle to



activate regional cardiac spinal afferents in vagotomized rats. Hemodynamic changes were
continuously recorded before and after the BK application. At the end of the experiment, the rat

was euthanized with an overdose of saturated potassium chloride.

CVP measurements

The central venous pressure (CVP) was measured in the conscious state utilizing the
radiotelemetry technique. Under 2% isoflurane anesthesia, the rat was placed in the supine
position. After making a 10—15-mm incision in the frontal neck area, the right external jugular
vein was identified and dissected. The catheter of a telemetry unit (PA-C10; Data Science
International) was inserted into the jugular vein and further advanced into the caudal vena cava
to the right atrium level. The telemetry unit was then secured to connective tissue with a 4-0
suture and buried under the skin in mid-scapula area. Three days after surgery, the CVP was
continuously recorded for 24 hours at a sampling rate of 1 kHz using a PowerLab data
acquisition system with LabChart 7 software (model 8S; ADInstruments). The final CVP was

obtained by averaging 24-hour values.

Renal function

A blood sample of ~100 pL. was obtained from the rat tail veins at various time points after MI
or sham surgery. These were 6-8, 12-14, and 16-18 weeks. Renal function was evaluated by
measuring potassium, creatinine, and blood urea nitrogen (BUN) with the use of iSTAT analysis

(Abbott).



GFR measurement

Glomerular filtration rate (GFR) was measured using clearance of fluorescein isothiocyanate
(FITC)—inulin (Sigma) at 16-18 weeks post-MI. Rats were anesthetized with urethane (800
mg/kg IP) and a-chloralose (40 mg/kg IP) and then ventilated with room air supplemented with
100% oxygen. A heating table was used to maintain body temperature at 37°C throughout the
experiment. A catheter was placed though the right carotid artery into the left ventricle for blood
sample collection. A polyethylene catheter was placed in the right jugular vein for intravenous
administration of FITC-inulin. A bolus dose of 8 mg/mL FITC-inulin was initially administered
followed by constant infusion of 4 mg/mL at 50 uL/min. A catheter was placed into the bladder
via a suprapubic incision and urine was collected continuously. The FITC-inulin concentration in
urine and plasma were measured using a fluorescence microplate reader at 480 nm excitation and

520 nm emission. The formula below was used for calculation of GFR.

Urine flow rate X Urine inulin concentration

GFR = — -
Plasma inulin concentration

Urinary Kim-1 and albuminuria

Twenty-four-hour urine was collected in metabolic cages, followed by centrifugation to remove
any particulates and then stored at —80 °C. Urinary osmolality was measured with a Vapro
Pressure Osmometer (D.A.L. Scientific Equipment). Urinary kidney injury molecule 1 (Kim-1)
levels were measured by using Rat TIM-1/KIM-1/HAVCR Immunoassay (R&D Systems)
according to the manufacturer’s instructions. Urinary albumin concentration was measured by

the Physiology Core Laboratory at the Medical College of Wisconsin.



Histologic evaluation

The kidneys from Sham, CHF+vehicle, and CHF+RTX rats at ~4 months post-MI were fixed in
4% paraformaldehyde solution, embedded in paraffin, cut into 5-um serial sections, and stained
with Masson trichrome or periodic acid—Schiff (PAS) staining by the tissue core facility at the
University of Nebraska Medical Center. In order to evaluate tubular injury, 10 high-powered
(x20) fields (5 cortical fields and 5 medullary fields) of PAS-stained kidney sections were
randomly selected per rat, and the percentage area of tubules that were classified as normal,
dilated, containing casts, or necrotic was calculated by overlaying a 10 x 10 grid of points on
each image, similar to the method described in the previous study.? The Masson trichrome-
positive area or PAS-positive area relative to the whole area (10 cortical fields and 10 medullary
fields per rat) was analyzed using Image J software (National Institutes of Health). In addition,
Masson trichrome stained sections were scored semiquantitatively using the following scale:
score 0: no fibrosis; score 1: <25% fibrotic tubules; score 2: 25%-50% fibrotic tubules; score 3:

50%-75% fibrotic tubules; score 4: >75% fibrotic tubules.

RNA isolation, sequencing, and read alignment

The Qiagen miRNeasy kit was used to isolate total RNA from homogenized kidney tissue from
sham, CHF+vehicle, and CHF+RTX rats according to the manufacturer’s instructions. RNAseq
libraries were prepared from 500 ng total RNA for each sample using the NEBNext Ultra RNA
Library Prep Kit for Illumina with the NEBNext Poly(A) mRNA Magnetic Isolation Module

following the manufacturer’s recommended protocol.



Trimming low-quality ends from reads, and adapter trimming was performed using cutadapt.’
Reads were mapped against the genome reference mm10 using STAR aligner v2.3.0.* Aligned
reads were further filtered to exclude transcripts for which the maximum number of reads for all
samples was >40 reads to eliminate noise and genes with low read counts. Raw sequencing data
were submitted to the NCBI sequence read archive (SRA accession: SRR17497176,
SRR17497171, SRR17497169, SRR17497175, SRR17497174, SRR17497173, SRR17497172,

SRR17497170, SRR17497168, SRR17497167; BioProject: PRINA795520).

Differential expression analyses and pathway enrichment analyses

The read count data were exported to DESeq2v1.18.1° to identify differentially expressed genes
using the negative binomial distribution from normalized read count data. Pairwise comparisons
were made between sham and CHF+vehicle, sham and CHF+RTX, and CHF+vehicle and
CHF+RTX. A gene was considered significantly differentially expressed if its corresponding
Benjamin-Hochberg false discovery rate (FDR) corrected P value® was <0.05, and if it had an
absolute log2 fold change >1.5. Gene annotation enrichment analysis of differentially regulated
proteins to identify known functions, pathways, and networks effected was performed using
Ingenuity Pathway Analysis (IPA; Ingenuity Systems). The significance was set at a P value of
0.05. Network representations of enriched pathways and Gene Ontology (GO) terms associated
with the biological process were graphically represented using ClueGO cytoscape plug-in.’
Clustered heat map of differentially expressed genes was plotted using the heatmap.2 function of

the R package gplots (https://cran.r-project.org/web/packages/gplots/).?

Validation of RNA sequencing data with real-time quantitative PCR



Kidney tissues were harvested and dissected into cortex and medulla at different time points (1
week, 4 weeks, 8 weeks, and 18 weeks post-MI), and then small pieces of the kidney cortex and
medulla from sham, CHF+vehicle, and CHF+RTX were frozen at —80 °C, from which RNA was
purified by using the RNeasy Mini RNA purification kit (Qiagen). cDNA was generated from
RNA using the QuantiTect Reverse Transcription Kit (Qiagen), according to the manufacturer’s
instructions. For the measurements of the mRNA expression of Kim-/, neutrophil gelatinase—
associated lipocalin (Ngal), interleukin-1beta (//1b), interleukin-6 (/16), and other genes, real-
time quantitative polymerase chain reaction (RT-PCR) was performed by using the QuantiFast
SYBR Green PCR Kit (Qiagen). Primer sequences for RT-PCR are listed in Supplemental Table
1. Reaction conditions were set according to the manufacturer’s instructions. The Ct (threshold
cycle) values of the target gene amplifications were normalized to those of the actin-beta (Actb).
Each biological replicate was measured with three technical replicates, and fold change was
calculated using the 222" method. Primers were designed and synthesized by Integrated DNA

Technologies based on published sequences (http://www.ncbi.nlm.nih.gov).

Survival analysis
Survival was monitored from 1 week post-MI through study end point (up to 6 months). The
condition of each rat was monitored and recorded every day. Acute death occurring within 1

week after MI was not included in the survival analysis.

Intrastellate injection of RTX
Experiments were performed on adult, male, 400-500-g Sprague-Dawley rats purchased from

the Charles River Laboratories. MI-induced CHF was produced by coronary ligation as



previously described.! Four weeks after MI, these rats were randomized to either bilateral intra-
stellate injection of RTX (CHF+SG RTX group) or sham surgery group (CHF+SG Veh group).
Intra-stellate injection of RTX was done as previously described.” Briefly, rats were
mechanically ventilated with 3% isoflurane-oxygen mixture. The internal thoracic and
costocervical arteries were exposed medially to the origins of where the stellate ganglia are
located. RTX (5 uL, 50 mg/mL) was injected into the left and right stellate ganglia over 30s. To
validate the SG injection of RTX, rats were anesthetized with urethane (800 mg/kg IP) and a-
chloralose (40 mg/kg IP). AP and HR were measured as described above. RSNA was recorded as
previously described.!® Epicardial application of BK was used to activate cardiac spinal afferents
as described by us previously.!! In brief, the chest was opened through the fourth intercostal
space. To activate cardiac spinal afferents, a square of filter paper (3 x 3 mm) saturated with BK
(10 pg/mL; Sigma Aldrich) was applied randomly to the surface of the left ventricular free wall.
Hemodynamics and RSNA were continuously recorded. After the responses peaked, the heart

was rinsed 3 times with 10 mL warm normal saline solution.

Renal denervation

Experiments were performed on adult male 400-500-g Sprague-Dawley rats purchased from
the Charles River Laboratories. MI-induced CHF was produced by coronary ligation as
previously described.! Four weeks after the MI procedure, rats were randomized to either the
URDN group or the sham surgery group. Under anesthesia with 3% isoflurane, the left renal
arteries and veins were exposed by a left flank incision. All visible left renal nerve bundles were
cut followed by painting the left renal artery with 10% phenol in alcohol. The sham-operated rats

received similar procedures with the exception that the renal nerves remained intact. Renal



norepinephrine (NE), dopamine (DOPA), epinephrine (Epi), and serotonin were quantified with
the assistance of Dr. Gregory Fink in the Department of Pharmacology and Toxicology at the
Michigan State University. At different time points, prior to URDN, 8 weeks post-MI and 16
weeks post-MI, echocardiography was performed to evaluate cardiac function. GFR was
measured at 16-18 weeks post-MI. Renal tissues from the left and right kidneys were harvested
and dissected into cortex and medulla. The mRNA expression of Kim-1, Ngal, 1l1b, and Il6 were

measured using the QuantiFast SYBR Green PCR Kit (Qiagen).

Statistics

All data are expressed as the mean + SD and were analyzed using GraphPad Prism 9.0
(GraphPad Software. Shapiro-Wilk test was used for assessing distribution. The 2-tailed Student
t test and 1-way analysis of variance (ANOVA) were used for data that were normally
distributed, and the Mann-Whitney U test and Kruskal-Wallis test were used for data that were
not normally distributed. Differences between groups were determined by a 2-way ANOVA
followed by Tukey's post hoc test for multiple pairwise comparisons. Survival estimates between
vehicle-treated and RTX-treated rats, conditional on survival until end of week 1 post-MI, were
calculated using Kaplan-Meier methods and compared using the log-rank test. P < 0.05 was

considered to be statistically significant.

Supplemental Results
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RNA sequencing analysis in kidney tissues of rats with CHF treated with epicardial vehicle

or RTX

To further investigate the pathophysiological mechanisms of CRS type 2, RNA sequencing of
the whole kidneys was performed in sham, CHF+vehicle, and CHF+RTX rats. Sequencing of
these transcriptomes yielded more than 100 million 75-mer single-end high-quality reads from a
total of 11 samples (5 replicates for sham, and three replicates each for CHF+vehicle and
CHF+RTX). The average number of raw reads per sample was 21 million. The average mapping
percentage of the raw reads to the reference transcripts was 50%.

Of the 394 genes differentially expressed between sham and CHF+vehicle rats, the majority (n =
359) were up-regulated in CHF+vehicle (Table S4; Supplemental Figure 2). The RNA
sequencing shows that gene expression of Kim-1 (Havcrl) was increased by ~104-fold and Ngal
(Lcn2) was increased by ~36-fold in whole-kidney tissues of CHF+vehicle rats compared with
sham rats. In addition, RNA sequencing demonstrated that gene expression of the
proinflammatory cytokine, //6 was significantly up-regulated by ~40-fold at 18 weeks post-MI.
Expression of genes related to cell death and survival, such as //24 and nephroblastoma
overexpressed (Nov) were increased by ~55-fold and ~4-fold, respectively. Interestingly, 2
hypoxia-related genes, receptor-type tyrosine-protein phosphatase zeta (PtprzIl) and hypoxia-
inducible factor 3 alpha (Hif3a), were also up-regulated by ~6- and ~7-fold, respectively.
Significantly enriched GO categories for differentially expressed genes between sham and
CHF+vehicle groups are shown in Table 2 and Supplemental Figure 3. The MAPK signaling
pathway, the pathway related to cytokine—cytokine receptor interaction, and tumor necrosis
factor (Tnf) signaling pathway were up-regulated in the kidneys of CHF+vehicle rats. In addition,

Hif-1 signaling and apoptosis-related pathways were activated in CHF+vehicle rats compared
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with sham. IPA analysis (Supplemental Table 5) identified the I1-6 signaling pathway to be
enriched (P = 4.48E—09; overlap = 12.1%)).

Comparison of the gene expression profile of CHF+vehicle and CHF+RTX rats revealed an
entirely different profile, with the majority of the differentially expressed genes down-regulated
in CHF+RTX rats (Supplemental Table 6). A total of 124 genes were differentially expressed
between CHF+vehicle and CHF+RTX rats, and 96 genes were down-regulated in CHF+RTX
(Supplemental Figure 4). KIM-1 (Havcrl) expression was only increased by ~5-fold in CHF
rats treated with RTX compared with sham rats (Figure 3C). However, Ngal was similarly
elevated in both CHF+vehicle and CHF+RTX rats. Gene expression for //24, Nov, and Ptprzl1
were reduced compared with that in CHF+vehicle rats. Enriched GO categories showed that
pathways that regulate the II-1PB secretion were enhanced after RTX treatment (Supplemental
Figure 5). Surprisingly, pathways that can negatively regulate blood vessel diameter were also
enhanced, implying that RTX may improve renal perfusion through ameliorating intra-renal
vasoconstriction. IPA analysis identified several pathways that are involved in II-12 signaling
and production in macrophages, LXR/RXR activation, and Wnt/pB-catenin signaling were
enriched (Supplemental Table 7).

Subsequently, we analyzed genes that were common between the two comparisons, (ie, sham vs
CHF+vehicle, and CHF+vehicle vs CHF+RTX). We found 23 genes that were common among
these comparisons (Figure 3). The majority of these 23 genes showed a reversal in gene
expression in CHF+RTX rats. For example, Kim-1 (Havcrl) was up-regulated in CHF+vehicle
rats compared with sham, but down-regulated in CHF-RTX rats compared with CHF+vehicle
rats (Table 2). Cellular death—associated genes, such as //24 and Nov, showed the same trend.

Interestingly, PtprzI, which has been found to be expressed in human embryonic kidney cells
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under hypoxic conditions, was up-regulated in CHF+vehicle rats was also attenuated by RTX. In
addition, a-1d adrenergic receptor (Adrald) was up-regulated in CHF+vehicle rats and was

attenuated by RTX.

Pathways affected during the development of CRS type 2 with and without CSAR ablation
Among the differentially expressed genes between sham and CHF+vehicle rats, the apoptotic
pathway was the most affected. Of the 96 differentially expressed genes associated with
apoptosis, the majority were up-regulated in CHF+vehicle rats compared with sham rats
(Supplemental Figure 6). Eleven genes were differentially regulated in the hypoxia pathway.
All of the genes associated with hypoxia were up-regulated in CHF+vehicle rats (Supplemental
Figure 7). Differentially expressed genes associated with inflammation also followed the same
trend, with the majority up-regulated in CHF+vehicle rats (Supplemental Figure 8). All of the
differentially expressed genes between sham and CHF+vehicle rats that are associated with
kidney damage were up-regulated in CHF+vehicle rats (Supplemental Figure 9). Interestingly,
the majority of the differentially expressed genes associated with apoptosis were down-regulated
in CHF+RTX rats (Supplemental Figure 10). This trend was also noted for genes associated
with inflammation (Supplemental Figure 11) and kidney damage (Supplemental Figure 12).
To validate the effects of RTX on mRNA expression of Kim-1, subsequent RT-PCR experiments
were performed. In the renal cortex of CHF+vehicle rats Kim-I mRNA level was increased by
~300-fold, which was largely prevented in CHF+RTX rats (only 4-fold increase). A similar trend
was observed in the renal medulla. However, the mRNA expression of Ngal were comparable in
the renal cortex and medulla of CHF+vehicle rats and CHF+RTX rats compared with sham rats

(Figures 4A-4D). mRNA expressions of //6 in the renal cortex and medulla were increased in
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CHF rats regardless of treatment. However, mRNA expression of ///b in the renal cortex was
increased by ~4 fold in CHF+vehicle rats, which was attenuated by RTX treatment. In the renal

medulla, RTX did not alter mRNA expression of ///b in the CHF+vehicle rats (Figures 4E-4H).

Time-course changes of kidney damage markers after MI

To determine the time course of renal damage markers, mRNA expression of Kim-I and Ngal
were measured in the renal cortex and medulla (Figure 4 I-L). We found that both Kim-/ and
Ngal levels were increased at 4 weeks post-MI, suggesting the occurrence of acute kidney injury
in the early stages post-MI. Surprisingly, 8 weeks after MI, Kim-I and Ngal expression was
undetectable. Eighteen weeks post-MI, Kim-1 and Ngal expression increased again. Changes in
blood chemistry that indicate renal dysfunction were detected around the same time window (16-
18 weeks post-MI) in CHF+vehicle rats (Table 1). Therefore, in our rat model of CHF, we
considered 16-18 weeks post-MI as the experimental window to study the CRS type 2.

RNA sequencing data suggest that several genes related to inflammation, apoptosis, and hypoxia
were also involved in the development of renal dysfunction. Therefore, the time-course changes
of the expression of those genes were also evaluated. Gene expression of inflammatory cytokines
including /16, 1l1b, and inducible nitric oxide synthase (iNos) was increased during the early
stage (1 week and/or 4 weeks) post-MI. The expression in rats with 8 weeks post-MI was
comparable with that in sham rats, whereas the expression increased again at 4 months post-MI
(Supplemental Figures 13A-S13D, 13G, and 13H). However, the expression of tumor necrosis
factor alpha (7nfa) only increased at 4 weeks post-MI (Supplemental Figures 13E and 13F).
Gene expression of Hifla and Hif3a was increased at 1 month post-MI (Supplemental Figures

14C-14F). However, gene expression of erythropoietin (Epo), which is regulated by the Hif-1

14



signaling pathway and is also an indicator of severe renal failure, was increased at the late stage
post-MI, consistent with the development of renal dysfunction at 4 months post-MI
(Supplemental Figures S14A and S14B).

Activating transcription factor 3 (Atf3) is induced on physiologic stress in various tissues and is
involved in the apoptotic process. Gene expression of A#f3 was immediately increased after
myocardial infarction (1 week post-MI) and at the late stage (4 months post-MI). Interestingly,
gene expression of A#f3 between 1 week and 8 weeks post-MI was normal (Supplemental
Figures 15A and 15B).

Heme oxygenase 1 (HMOX1) participates in anti-inflammatory processes as well as apoptotic
processes by up-regulating interleukin 10 (Z//0) and interleukin 1 receptor antagonist (///ra)
expression. Gene expression of Hmoxl was increased at 4 weeks post-MI. Similarly, 8 weeks
post-MI, the expression of HmoxI was comparable with that in sham rats. However, the
expression increased again at 4 months post-MI (Supplemental Figures 15C and 15D). In
addition, gene expression for arginine vasopressin receptor 2 (4vpr2) was decreased at 4 months

post-MI in CHF+vehicle rats (Supplemental Figures 15E and 15F).

Intrastellate injection of RTX 4 weeks post-MI prevents renal dysfunction in rats with
CHF

Local application of RTX into stellate ganglia effectively reduced the CSAR (Supplemental
Figure 16). To evaluate the effects of the application of RTX to the stellate ganglia on cardiac
remodeling in CHF rats, LV dimensions and volumes at different time points post-MI were
performed. Intrastellate RTX injection tended to prevent the chamber dilation following MI

while this change did not reach a statistic difference (Supplemental Figure 17).
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Renal function was evaluated at 16 weeks post-MI. Blood analysis of creatinine, BUN, and
electrocytes are summarized in Table 3. Compared with CHF+SG vehicle, SG injection of RTX
reduced the BUN and tended to decrease plasma potassium, implying that SG injection of RTX
improved renal function in the setting of CHF.

To further evaluate renal dysfunction developed during the progression of CHF, mRNA
expression of Kiml and Ngal were measured. The mRNA level of Kim! in the renal cortex was
significantly increased in the CHF+SG vehicle rats but not in the CHF+SG RTX rats compared
with sham rats (Figure 7A). Similar trends were observed in the medulla (Figure 7B). on the
other hand, the mRNA level of Nga/ in both renal cortex and medulla was comparable between
CHF+SG vehicle and CHF+SG RTX rats (Figures 7C and 7D). The mRNA expression of ///b
and //6 in the kidneys were examined to investigate the effects of SG injection of RTX on
inflammation. Similarly, the mRNA expression of //6 tended to increase in the kidneys of
CHF+SG vehicle and CHF+SG RTX rats. However, compared with sham rats, the changes of
mRNA expressions of ///b in the CHF+SG vehicle and CHF+SG RTX rats did not reach

significance (Figures 7E-7H).

NE measurements in renal tissues of sham and CHF rats with and without renal
denervation

There was no difference in NE levels between the sham-operated kidneys and the non-
operated kidneys in CHF rats (Supplemental Figure 18). The renal NE levels of CHF rats were
comparable with that in the sham group. Compared with the non-operated kidneys in the
CHF+URDN group, a reduction in NE of 79.2% was found in denervated kidneys 12 weeks after

URDN surgery, which was 16 weeks post-MI.
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No significant difference in the levels of DOPA or epinephrine were detected among the left
and right kidneys from the sham, CHF, and CHF+URDN groups (Supplemental Figures 19A
and 19B). The dopamine levels in the sham-operated kidneys and non-operated kidneys were
higher than that in the sham group. A decrease in the dopamine levels in the denervated kidneys
was detected compared with that in the contralateral side (Supplemental Figure 19C).
Interestingly, the serotonin level in the denervated kidneys was increased compared with those in
the sham group, CHF group and the non-operated side in the CHF+URDN group (Supplemental

Figure 19D).
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Supplemental Figure 1. Schematic diagrams of study design. A, Epicardial application of RTX.
B, Intra-stellate injection of RTX. C, Unilateral renal denervation (URDN). Figure made with

BioRender.com.
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Supplemental Figure 2. A. Heat map of differentially expressed genes in kidneys from

CHF+vehicle rats when compared with sham. Genes were clustered according to their expression

profile. Red representing higher level of expression and blue representing lower expression.

Gene expression values were converted to z-scores to facilitate comparison, and for visual

clarity. B. A volcano plot of differentially expressed genes between CHF and sham. The red dots

represent differentially expressed genes with at least 1 log> fold-change between CHF compared

with sham and Benjamini-Hochberg (BH) adjusted P < 0.05; green and blue dots indicate genes

with log> fold change >1 or BH adjusted P < 0.05 respectively. Gray dots indicate genes that did

not meet the cutoff for fold change or P value. Sham group, n=5; CHF+Veh group, n=3.



% Genes / Term

HIF-1 signaling pathway 1246
steoclast différentiation 28k
Complement and coagul ation cascades 1200 H i
7 signaling pathway 15
T F S nalmg pathwai 5
Positive regulation of transcr‘lpnon by RNA polymerase [|
Positive regula| ion of DNA-b P tr: enscnptuon factor activity
Regulation of :yws ic calcium ion concentration
n T-cell leukemia virus 1 infection
Kapaosi sarcama assatioten herpesvirus infection
ositive regulation of neuron differentiation
Positive reguiation of neuron projection development
gulation of cytokine secretion
Positive regulation of protein secretion |
oxO signaling pathway
Transcriptional misreguilation in cancer
I lung canc e
ngiogenesi

Regulation of angicgenesi
Positive regulation of angiogenesi
S|

o0
2
=SSO0 00 S

3
o
']
F
3
]
4

N
athw
Transeriptional musreﬂu\ah:m m cancer_
‘ . Small cell lun

R: " of ype o sctivily involved,

PDsltlvE ragu\almn of endapepti
‘? tive regulation of andcpeph
egative regulation of r;ysteme type sndups,lat- ase activity involved in apoptopic process
Negative regulation of cysteme—type endopeptidase activity
K\ne—c'gmkme receptor interaction
Akt signaling pathway
T smnall[\r% ath

Tyrosme phn?h ryla ion of S rof
Ia||c1 of I-yrosine phosphorylati

5‘

R
Regulation of tyrosine usphoryla ion of STAT prof
Positive regulation of peptidyl-lyrosine phos
Positive regulation of alpha-beta T cell di
Positive regulation of e diffe
T cell diffe
Regulation of lymph
Positive regulation of Iymphocyte diffe
egulation of T cell diffe
pha-beta T cell diffe
Positive regulatlcm of T cell diffe
CD4 positive, alpha bata T call differen
Regulation of alpha-bata T cell differer
ositive regulation of JNK
Stress-: actlvated MAPK cascad
ER nd ERK2 cascad
N \allan of MAPK cascad
Regulation of slress activated MAPK cascad
Negative regulation of MAPK cascad
Positive regulation of MAPK cascad
JUNK cascad
Negative regulation of protein kinase acfivi
egulation of MAP se activity W2
Positive re?u ation of protein se activity 304
ion of ERK1 and ERK2 cascad
Regulation of protein semnelthreunme kinase activi
Positive regulation of ol
ositive reguiation "of MAP kinase activi

FEEEREEEE

i

DOAND DD

&

Zo0Zad e

Regulation of JNK cascad -
Positive regulation of ERK1 and ERK2 cascad I T
Activation of prmem kinase activity 4o
Negative regulation of protein serine/threonine Kinase activity T
Pattern recognition receptor
B _.- signaling pathway (1.47% ™)

_. MAPK signaling pathway (1.47% 7}

" HIF-1 sighaling pathway (1.47% **)

Regulation of MAPK cascade

o
(27.94% *) Osteoc\astdlﬁerent\ahcn (1.47% **)

\\ Ccmplemem and coagulation cascades (1.47%)
\ IL-17 signaling pathway (1.47%)

\
\\ TNF signaling pathway (1.47%)

\

™

\\\
A
A\

Paositive regulation of transcription by RNA polymerase Il (1.47% **)

- ‘\Pcsitive regulation of DNA-binding transcription factor activity (1.47% **)
\ Regulation of cytosolic caleium ion concentration (1.47% **)
o \:\“ Human T-cell leukemia virus 1 infection (2.94% **)
|
‘\ Positive regulation of neuron differentiation (2.94% “*}

\
\\ \\ Regulation of cytokine secretion {2.94% **)

Positive regulation of \'Transcnplicnal misregulation in cancer (4.41% **}
leukocyte differentiation

(14.71% *)

- Angiogenesis (4.41% **}

- Pathways in cancer (7.35% **)

Cytakine-cytokine receptor interaction . Regulation of cysteine-type endopeptidase activity

(10.28% ) ; . i L
& % terms per group involved in apoptotic process (7.36% **)

Supplemental Figure 3. Gene Ontology (GO) analysis of differentially expressed genes in
CHF+vehicle compared with sham performed using the Cytoscape plugin ClueGO. GO terms
represented includes major functional category groupings for biological process and molecular
function along with KEGG pathways. A. GO/pathway terms specific for the differentially
expressed genes. The bars represent the number of highly expressed genes associated with the

terms. B. An overview chart showing the percentage contribution of each enriched functional
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group, including specific terms for the differentially expressed genes in CHF compared with

sham. Sham group, n=5; CHF+Veh group, n=3.
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Supplemental Figure 4. A. Heat map of differentially expressed genes extracted from kidneys
of CHF+vehicle rats compared with CHF+RTX. Genes were clustered according to their
expression profile. Red representing higher level of expression and blue representing lower
expression. Gene expression values were converted to z-scores to facilitate comparison, and for
visual clarity. B. A volcano plot of differentially expressed genes between CHF+vehicle and
CHF-RTX rat kidneys. The red dots represent differentially expressed genes with at least 1 log»
fold-change between CHF compared with CHF+RTX and BH adjusted P < 0.05; green and blue
dots indicate genes with log> fold change >1 or Benjamini-Hochberg (BH) adjusted P < 0.05
respectively. Grey dots indicate genes that had did not meet the cutoff for fold change or P value.

CHF+Veh group, n=3; CHF+RTX group, n=3.
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Supplemental Figure 5. Gene Ontology (GO) analysis of differentially expressed genes in
CHF+vehicle compared with CHF+RTX performed using the Cytoscape plugin ClueGO. GO
terms represented includes major functional category groupings for biological process and
molecular function along with KEGG pathways. A. GO/pathway terms specific for the
differentially expressed genes. The bars represent the number of highly expressed genes

associated with the terms. B. An overview chart showing the percentage contribution of each
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enriched functional group, including specific terms for the differentially expressed genes in

CHF+vehicle compared with RTX. CHF+Veh group, n=3; CHF+RTX group, n=3.



Color Key

Sham CHF+Veh

1 2 3 4 5 1 2 3

6 8 10 12 14 16
Value

Supplemental Figure 6. Heat map of differentially expressed genes in apoptosis related
pathways in kidneys of CHF+vehicle rats compared with sham. Genes were clustered according
to their expression profile. Red representing higher level of expression and blue representing
lower expression. Gene expression values were converted to z-scores to facilitate comparison,

and for visual clarity. Sham group, n=5; CHF+Veh group, n=3.
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Supplemental Figure 7. Heat map of differentially expressed genes in hypoxia related pathways
extracted in kidneys of CHF+vehicle rats compared with sham. Genes were clustered according
to their expression profile. Red representing higher level of expression and blue representing
lower expression. Gene expression values were converted to z-scores to facilitate comparison,

and for visual clarity. Sham group, n=5; CHF+Veh group, n=3.
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Supplemental Figure 8. Heat map of differentially expressed genes in inflammation pathways
in kidneys of CHF+vehicle rats compared with sham. Genes were clustered according to their
expression profile. Red representing higher level of expression and blue representing lower
expression. Gene expression values were converted to z-scores to facilitate comparison, and for

visual clarity. Sham group, n=5; CHF+Veh group, n=3.
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Supplemental Figure 9. Heat map of differentially expressed genes in kidney damage pathways
in kidneys of CHF+vehicle rats compared with sham. Genes were clustered according to their
expression profile. Red representing higher level of expression and blue representing lower
expression. Gene expression values were converted to z-scores to facilitate comparison, and for

visual clarity. Sham group, n=5; CHF+Veh group, n=3.
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Supplemental Figure 10. Heat map of differentially expressed genes in apoptosis pathways in
kidneys of CHF+RTX rats compared with CHF+vehicle treated rats. Genes were clustered
according to their expression profile. Red representing higher level of expression and blue
representing lower expression. Gene expression values were converted to z-scores to facilitate

comparison, and for visual clarity. CHF+Veh group, n=3; CHF+RTX group, n=3.
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Supplemental Figure 11. Heatmap of differentially expressed genes in inflammation pathways
in kidneys of CHF+RTX rats compared with CHF+vehicle treated rats. Genes were clustered
according to their expression profile. Red representing higher level of expression and blue
representing lower expression. Gene expression values were converted to z-scores to facilitate

comparison, and for visual clarity. CHF+Veh group, n=3; CHF+RTX group, n=3.

14



Color Key CHF+Veh CHF+RTX

1 2 3 1 2 3

Value

Egfr

L Havcer1

Apoc2

Col1a1

C6

Agtr1b

Tir4

Supplemental Figure 12. Heat map of differentially expressed genes in kidney damage
pathways in kidneys of CHF+RTX rats compared with CHF+vehicle treated rats. Genes were
clustered according to their expression profile. Red representing higher level of expression and
blue representing lower expression. Gene expression values were converted to z-scores to

facilitate comparison, and for visual clarity. CHF+Veh group, n=3; CHF+RTX group, n=3.
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Supplemental Figure 13. Real-time PCR data showing the time-course alteration in the /16 (A,

B), 1l1b (C, D), Tnfa (E, F), and iNos (G, H) mRNA expressions in both renal cortex and medulla

from sham and CHEF rats. //6, interleukin 6; I/1b, interleukin 1beta; Tnfa, tumor necrosis factor

alpha; iNos, inducible nitric oxide synthases; Actb, actin beta. A-F. For 1 week, 4 weeks, 8 weeks

and 18weeks post-surgery, Sham group, n=6, 5, 6, and 12 respectively; CHF group, n=8, 8, 6,

and 12 respectively. G. For 1 week, 4 weeks, 8 weeks and 18weeks post-surgery, Sham group,
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n=6, 5, 4, and 11 respectively; CHF group, n=8, 8, 5, and 12 respectively. H. For 1 week, 4
weeks, 8 weeks and 18weeks post-surgery, Sham group, n=6, 5, 4, and 12 respectively; CHF

group, n=8, 8, 6, and 12 respectively. *P < 0.01 vs Sham.
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Supplemental Figure 14. Real-time PCR data showing the time-course alteration in the Epo (A,
b), Hifla (C, D), and Hif3a (E, F) mRNA expressions in both renal cortex and medulla from
sham and CHF rats. Epo, erythropoietin, Hifla, hypoxia-inducible factor 1 alpha; Hif3a,
hypoxia-inducible factor 3 alpha; Actb, actin beta. A. For 1 week, 4 weeks, 8 weeks and 18weeks
post-surgery, Sham group, n=7, 8, 4, and 7 respectively; CHF group, n=7, 7, 6, and 9
respectively. B. For 1 week, 4 weeks, 8 weeks and 18weeks post-surgery, Sham group, n=7, 3, 6,
and 9 respectively; CHF group, n=6, 8, 5, and 9 respectively. C, D. For 1 week, 4 weeks, 8
weeks and 18weeks post-surgery, Sham group, n=8, 8, 4, and 11 respectively; CHF group, n=8,
8, 6, and 11 respectively. E. For 1 week, 4 weeks, 8 weeks and 18weeks post-surgery, Sham

group, n=8, 8, 4, and 10 respectively; CHF group, n=8, 8, 6, and 11 respectively. F. For 1 week,
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4 weeks, 8 weeks and 18weeks post-surgery, Sham group, n=7, 8, 4, and 11 respectively; CHF

group, n=8, 8, 6, and 10 respectively. *P < 0.01 vs Sham.
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Supplemental Figure 15. Real-time PCR data showing the time-course alteration in the A#/3 (A,
B), Hmox1 (C, D), and Avpr2 (E, F) mRNA expressions in both renal cortex and medulla from
sham and CHF rats. A¢#f3, activating transcription factor 3; HmoxI, heme oxygenase 1; Avpr2,
arginine vasopressin receptor 2; Actb, actin beta. A. For 1 week, 4 weeks, 8 weeks and 18weeks
post-surgery, Sham group, n=6, 5, 6, and 12 respectively; CHF group, n=7, 8, 6, and 12
respectively. B. For 1 week, 4 weeks, 8 weeks and 18weeks post-surgery, Sham group, n=6, 5, 5,
and 12 respectively; CHF group, n=8, 8, 5, and 12 respectively. C-F. For 1 week, 4 weeks, 8
weeks and 18weeks post-surgery, Sham group, n=6, 5, 6, and 12 respectively; CHF group, n=8,

8, 6, and 12 respectively. *P <0.01 vs Sham.
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Supplemental Figure 16. (A) Representative recording showing the response to epicardial
application of BK (10 pg/mL) in an anesthetized and vagotomized rat. Cardiac spinal afferent
reflex (CSAR), arterial blood pressure (ABP), mean arterial blood pressure (MAP), heart rate
(HR), renal sympathetic nerve activity (RSNA), integrated RSNA (iRSNA) as a % of baseline.
(B) The change in MAP, HR and RSNA from baseline. Data presented as mean = SD. N=6 for

each group. *P < 0.05 vs SG Veh.
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Supplemental Figure 17. Echocardiographic measurements including EF (A), FS (B), LVESV
(C), LVEDV (D), LVESD (E), and LVEDD (F) in CHF+SG Veh and CHF+SG RTX rats. CHF+
SG Veh group, n=6; CHF+SG RTX group, n=6. EF, ejection fraction; FS, fractional shortening;
LVESYV, left ventricular end-systolic volume; LVEDV, left ventricular end-diastolic volume;

LVESD, left ventricular end-systolic diameter; LVEDD, left ventricular end-diastolic diameter.
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Supplemental Figure 19. The effects of renal denervation on the production of DOPA (A),
epinephrine (B), dopamine (C), and serotonin (D) in the kidneys. CHF, chronic heart failure;

URDN, unilateral renal denervation.
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Supplemental Figure 20. Echocardiographic measurements including EF (A), FS (B), LVESV
(C), LVEDV (D), LVESD (E), and LVEDD (F) in CHF+Sham and CHF+URDN rats.
CHF+Sham group, n=8; CHF+URDN group, n=8. EF, ejection fraction; FS, fractional
shortening; LVESV, left ventricular end-systolic volume; LVEDV, left ventricular end-diastolic
volume; LVESD, left ventricular end-systolic diameter; LVEDD, left ventricular end-diastolic

diameter. *P < 0.05 vs CHF+Sham.
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Supplemental Figure 21. Unilateral renal denervation ameliorated renal dysfunction in chronic
heart failure. Sham group, n=5; CHF+Sham group, n=7; CHF+URDN, n=6. CHF, chronic heart

failure; URDN, unilateral renal denervation. *P < 0.05 vs Sham. TP < 0.05 vs CHF+Sham.
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Supplemental Table 1. Primer Sequences for RT-PCR

Gene | Primer Sequences
Kiml | Forward: 5'-GCC TGG AAT CAC ACT GTA AG-3'
Reverse: 5'-GCA ACG GAC ATG CCA ACA TAG-3’
Ngal | Forward: 5'-CGA ATG CGG TCC AGA AAG A-3'
Reverse: 5'-GAG GAT GGA AGT GAC GTT GTA G-3'
1l6 Forward: 5'-TCC TAC CCC AAC TTC CAA TGC TC-3'
Reverse: 5'-TTG GAT GGT CTT GGT CCT TAG CC-3’
1l1b | Forward: 5-CAC CTC TCA AGC AGA GCA CAG-3’
Reverse: 5'-GGG TTC CAT GGT GAA GTC AAC-3'
Actb | Forward: 5'-ACA GGA TGC AGA AGG AGA TTA C-3’
Reverse: 5'-ACA GTG AGG CCA GGA TAG A-3'
Tnfa | Forward: 5'-AAA TGG GCT CCC TCT ATC AGT TC-3'
Reverse: 5'-TCT GCT TGG TGG TTT GCT ACG AC-3’
iNos | Forward: 5'-TGG AGC GAG TTG TGG ATT G-3'
Reverse: 5'-CCT CTT GTC TTT GAC CCA GTA G-3'
Epo | Forward: 5'-CCA GAG AGT CTT CAG CTT CAT ATA G-3'
Reverse: 5'-TCT GGA GGC GAC ATC AAT TC-3'
Hifla | Forward: 5'-TCC ATT ACC TGC CTC TGA AAC-3'
Reverse: 5'-CTC TGG GCT TGA CTC TAA CTT C-3’
Hif3a | Forward: 5'-CAT GGC TTA CCT GTC GGA AA-3'
Reverse: 5'-CTT GGT CAC AGG GAT GGA TAA A-3’
Atf3 | Forward: 5'-GAG ATG CGG TCC AGA GTA TTT C-3’
Reverse: 5'-TCG GAT TGA ACA CTG AGG ATT T-3'
Hmox1 | Forward: 5'-GAT GGC CTC CTT GTA CCA TAT C-3'
Reverse: 5'-AGC TCC TCA GGG AAG TAG AG-3’
Avpr2 | Forward: 5'-GCT CTT CAT CTT TGC TCA GCG T-3'
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Reverse: 5'-TCC AGG TGA CAT AGG CAC GAA-3'

Kiml, kidney injury molecule-1; Ngal, neutrophil gelatinase-associated lipocalin; /76, interleukin
6; Il1b, interleukin lbeta; Actb, actin beta; Tnfa, tumor necrosis factor alpha; iNos, inducible
nitric oxide synthases; Epo, erythropoietin, Hifla, hypoxia-inducible factor 1 alpha; Hif3a,
hypoxia-inducible factor 3 alpha; A#f3, activating transcription factor 3; Hmox1, heme oxygenase
1; Avpr2, arginine vasopressin receptor 2.
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Supplemental Table 2. Hemodynamic and Morphologic Data in Sham, CHF+Vehicle, and

CHF+RTX Rats That Received iSTAT Measurements

Parameters Sham CHF+Vehicle | CHF+RTX
(n=8) (n=14) (n=8)

Body weight, g 486 + 41 499 + 66 476 + 40
Heart weight, mg | 1355+ 113 | 2103 +246 * | 1608 £ 176 *7
HW/BW, mg/g 2.8+£0.3 43+0.6* 3.4+£0.5 *F
WLW/BW, mg/g | 4.1 +0.8 88+2.1%* 58+ 1.0 *F
LVESP, mmHg | 134.8+6.4|109.2+129* | 113.6+11.7*
LVEDP, mmHg 29+2.1 23.8+9.6 * 10.4 £2.9%f
EF, % 729+29 | 364+6.6* 349+74*
FS, % 43.0+2.8 18.1+£3.7* 17.8 £3.9 *
Infarct size, % 0 431+62* 42.8 + 3.8%*

Values are mean = SD. BW, body weight; HW, heart weight; WLW, wet lung weight; LVESP, left
ventricle end-systolic pressure; LVEDP, left ventricle end-diastolic pressure; EF, ejection
fraction; FS, fractional shortening. *P < 0.05 vs sham. P < 0.05 vs CHF+Vehicle.
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Supplemental Table 3. Baseline Hemodynamic and Morphologic Data in Sham,
CHF+Vehicl,e and CHF+RTX Rats Before Acute Activation of Cardiac Sympathetic
Afferent Reflex With Bradykinin

Parameters Sham CHF+Vehicle | CHF+RTX
(n=8) (n=7) (n=7)

Body weight, g 463 £ 25 469 + 31 460 + 13
Heart weight, mg | 1188 + 105 | 2086 =236 * | 1471 £231 *7
HW/BW, mg/g 2.6+0.2 44+03* 3.2+0.5*F
WLW/BW, mg/g | 4.2+0.3 8.6+0.9* 44+027F
LVESP, mmHg | 1355+7.6 | 110.1+80* | 1189+123*
LVEDP, mmHg 35+1.5 19.4+£32* 8.8 £3.4 *+
EF, % 73.5+25 | 43.6+£45*% 40.9+ 3.2 *
FS, % 43.1+24 | 22.0+2.6% 21.1+£2.6*
Infarct size, % 0 43.0+4.0 * 46.0+ 1.3*

Values are mean + SD. BW, body weight; HW, heart weight; WLW, wet lung weight; LVESP, left
ventricle end-systolic pressure; LVEDP, left ventricle end-diastolic pressure; EF, ejection
fraction; FS, fractional shortening. *P < (.05 vs sham. +P < 0.05 vs CHF+Vehicle.
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Supplemental Table 4. Differentially Expressed Genes Between CHF+Veh and Sham

Gene log2 Fold Change | P value P adj Direction
Prss22 8.0 2.08E-07 | 1.09E-05 | up
Tgml 7.2 1.43E-08 | 1.19E-06 | up
Fosll 7.2 2.55E-09 | 2.63E-07 | up
Lypd$8 7.2 2.14E-05 | 4.70E-04 | up
Havcerl 6.7 9.03E-15 | 3.26E-12 | up
112 6.3 4.97E-09 | 4.76E-07 | up
Fgb 6.1 5.56E-11 | 8.36E-09 | up
Csf3 6.1 4.87E-05 | 8.85E-04 | up
Ugtla2 5.9 8.05E-08 | 4.95E-06 | up
1124 5.8 1.4E-05 | 3.41E-04 | up
Hmox1 5.8 4.15E-09 | 4.02E-07 | up
Serpina3n 5.7 1.83E-12 | 4.13E-10 | up
Mfsd2a 5.7 3.94E-06 | 1.25E-04 | up
Vef 5.6 2.6E-06 | 9.18E-05 | up
LOC298795 5.6 1.69E-12 | 3.9E-10 | up
Igfbpl 54 3.76E-17 | 2.55E-14 | up
116 5.3 1.44E-05 | 3.48E-04 | up
Atf3 5.3 8.67E-38 | 9.39E-34 | up
Len2 5.2 5.03E-14 1.6E-11 | up
Rasdl 5.0 6.53E-17 | 3.93E-14 | up
Slc7all 5.0 3.63E-08 | 2.5E-06 | up
Fgg 5.0 1.36E-10 | 1.78E-08 | up
Triml5 4.9 1.5E-05 | 3.59E-04 | up
Lamc2 4.8 8.18E-15 | 3.05E-12 | up
Trib3 4.8 5.04E-06 | 1.52E-04 | up
Socs3 4.8 4.1E-23 | 6.34E-20 | up
Trpv6 4.7 6.18E-09 5.8E-07 | up
Adamts4 4.6 5.81E-10 | 6.84E-08 | up
Rndl 4.6 2.61E-16 | 1.41E-13 | up
PVR 4.5 1.03E-11 | 1.82E-09 | up
Fosb 4.5 4.03E-06 | 1.27E-04 | up
Btg2 4.5 5.89E-14 | 1.75E-11 | up
Angptl4 4.4 1.25E-08 | 1.04E-06 | up
Chacl 4.4 2.25E-06 | 8.13E-05 | up
Cdknla 4.4 2.09E-20 | 2.84E-17 | up
Cxcll0 4.4 4.43E-12 | 9.04E-10 | up
Fga 43 1.07E-08 | 9.02E-07 | up
Lif 4.3 4.61E-07 | 2.21E-05 | up
Glycaml 4.3 3.46E-12 | 7.21E-10 | up
Cxcl2 4.2 2.90E-04 0.003 | up
Nfil3 4.2 3.18E-18 | 2.87E-15 | up
Arid5a 4.2 3.54E-17 | 2.55E-14 | up
Cyp3a9 4.1 1.9E-06 | 7.02E-05 | up
Bcatl 4.1 6.74E-12 | 1.28E-09 | up
Cldn4 3.9 1.26E-10 | 1.68E-08 | up
S100a8 3.9 2.63E-06 | 9.23E-05 | up
RGD1564664 3.9 2.36E-10 | 2.93E-08 | up
Cxcll 3.9 1.11E-10 1.5E-08 | up
Cbharp 3.7 3.77E-14 | 1.28E-11 | up
Myc 3.7 6.52E-28 | 1.77E-24 | up
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Peskl 3.6 4.07E-08 | 2.74E-06 | up
Cfd 3.5 1.6E-06 | 6.11E-05 | up
Epo 3.5 0.003 0.018 | up
Lexm 3.5 1.70E-04 0.002 | up
Cebpd 3.5 5.91E-24 | 1.07E-20 | up
Clcfl 3.5 1.2E-12 | 2.88E-10 | up
Serpinel 3.5 6.41E-14 | 1.83E-11 | up
Bdkrb2 3.5 8.02E-10 | 8.96E-08 | up
B4galnt4 3.5 1.8E-07 | 9.74E-06 | up
1123a 3.4 5.89E-05 0.001 | up
Apoldl 34 1.14E-19 | 1.37E-16 | up
Tnfrsfi2a 3.3 6.31E-08 4E-06 | up
Nfkbiz 3.3 1.14E-13 | 3.08E-11 | up
Tubb6 3.3 4.1E-09 4E-07 | up
Birc3 3.3 343E-14 | 1.2E-11 | up
Cyp3a9 3.3 1.87E-07 | 1.01E-05 | up
Pix3 3.3 5.78E-05 0.001 | up
A2m 3.3 1.81E-04 0.002 | up
Map3k6 3.2 1.64E-12 | 3.87E-10 | up
Rgsl 3.2 5.88E-16 | 3.03E-13 | up
Osmr 3.2 3.15E-13 | 8.13E-11 | up
Sppl 3.2 4.58E-18 | 3.82E-15 | up
Sphkl 3.1 4.75E-11 | 7.36E-09 | up
Gadd45b 3.1 2.18E-10 | 2.77E-08 | up
Maff 3.0 1.07E-15 | 5.04E-13 | up
Nrda3 3.0 6.63E-12 | 1.28E-09 | up
Cebpb 3.0 7.31E-19 | 7.92E-16 | up
Hbegf 3.0 7.49E-11 | 1.07E-08 | up
LOC684871 3.0 8.58E-14 | 2.38E-11 | up
Pcsk2 3.0 0.001 0.011 | up
Laxl 2.9 1.86E-04 0.002 | up
S5100a9 2.9 1.22E-07 | 7.01E-06 | up
Gpnmb 2.9 8.92E-09 | 7.92E-07 | up
Socsl 2.9 2.28E-08 | 1.74E-06 | up
Tmem252 2.8 3.57E-15 | 1.43E-12 | up
Sds 2.8 3.14E-06 | 1.05E-04 | up
Anxa8 2.8 6.77E-05 0.001 | up
Tgifl 2.8 4.64E-15 | 1.79E-12 | up
Srxnl 2.8 1.33E-05 | 3.27E-04 | up
KIf6 2.8 1.02E-12 | 2.5E-10 | up
Zfp36 2.8 2.55E-17 | 1.98E-14 | up
Crgf 2.7 5.66E-07 | 2.62E-05 | up
Hif3a 2.7 0.004 0.022 | up
Uppl 2.7 3.41E-10 | 4.15E-08 | up
Ucma 2.7 8.3E-07 | 3.48E-05 | up
Dusp?2 2.7 6.75E-05 0.001 | up
Dmbtl 2.7 3.77E-07 | 1.86E-05 | up
Ednl 2.6 6.91E-09 | 6.34E-07 | up
Slcl6a3 2.6 5.67E-10 | 6.74E-08 | up
Csrnpl 2.6 2.68E-15 | 1.11E-12 | up
Timpl 2.6 9.46E-11 1.3E-08 | up
Chi3ll 2.6 0.001 0.010 | up
Knglll 2.6 3.97E-05 | 7.61E-04 | up
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1lirn 2.6 1.83E-08 | 1.44E-06 | up
Gdf15 2.5 1.43E-31 | 6.16E-28 | up
Cenf 2.5 5.22E-05 | 9.31E-04 | up
Selp 2.5 2.83E-04 0.003 | up
Fam46b 2.5 7.86E-04 0.007 | up
Ptprzl 2.5 3.73E-06 | 1.19E-04 | up
Lrgl 2.5 1.67E-07 | 9.32E-06 | up
Rab7h 2.5 1.05E-04 0.002 | up
Famli67a 2.5 2.68E-08 | 2.01E-06 | up
Itpkc 2.5 2.9E-08 | 2.15E-06 | up
Krtl8 2.5 1.95E-08 | 1.52E-06 | up
Slc7al 2.5 2.11E-08 | 1.62E-06 | up
C4b 2.5 8.77E-17 S5E-14 | up
Gadd45a 2.5 2.76E-06 | 9.61E-05 | up
Duspl 2.5 6.27E-13 | 1.58E-10 | up
Egr2 2.5 2.81E-05 | 5.80E-04 | up
Hspala 2.4 3.46E-08 | 2.45E-06 | up
Cypllal 2.4 0.001 0.009 | up
Mi24 24 3.32E-11 | 5.37E-09 | up
Phidal 24 9.3E-05 0.001 | up
Vienl 2.4 1.11E-07 | 6.49E-06 | up
Gpx2 2.4 0.003 0.020 | up
Crtacl 2.4 6.23E-06 | 1.78E-04 | up
Fkbp5 24 2.7E-12 | 5.84E-10 | up
Gem 2.3 5.71E-14 | 1.75E-11 | up
Fam25a 2.3 3.26E-04 0.004 | up
Gpreda 2.3 2.73E-09 | 2.77E-07 | up
Clecl0a 2.3 2.44E-06 | 8.67E-05 | up
Arl4c 2.3 9.13E-12 1.7E-09 | up
Fami29a 2.3 5.88E-11 | 8.64E-09 | up
Faril 2.3 1.49E-08 | 1.22E-06 | up
Car3 2.3 0.003 0.021 | up
Ifnirl 2.3 0.003 0.017 | up
Afapll2 2.3 1.08E-09 | 1.17E-07 | up
Pou3fl 2.3 7.87E-08 | 4.87E-06 | up
Maplb 2.3 9.59E-05 0.001 | up
Mex3b 2.3 5.05E-05 | 9.11E-04 | up
Prg4 2.3 5.32E-07 | 2.48E-05 | up
Slc7a5 2.3 9.97E-06 | 2.62E-04 | up
LOC500300 2.3 4.7E-17 | 2.99E-14 | up
EIlf3 2.3 6.25E-09 | 5.8E-07 | up
Inhbb 2.3 5.45E-11 | 8.31E-09 | up
Pnrcl 2.3 1.78E-15 | 7.7E-13 | up
Cdl4 2.3 3.89E-09 | 3.87E-07 | up
Fosl2 2.2 9.25E-12 1.7E-09 | up
Nrdal 2.2 4.27E-04 0.005 | up
Eid3 2.2 0.002 0.016 | up
Ppplrisa 2.2 1.41E-13 | 3.71E-11 | up
Nyapl 2.2 3.23E-08 | 2.35E-06 | up
Penk 2.2 0.003 0.020 | up
Plala 2.2 9.47E-08 | 5.73E-06 | up
Nfkbia 2.2 8.21E-28 | 1.78E-24 | up
Hspalb 2.2 1.05E-09 | 1.15E-07 | up
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Scel 2.2 3.42E-05 | 6.79E-04 | up
Cd44 2.2 1.88E-11 | 3.27E-09 | up
Plin2 2.2 6.82E-05 0.001 | up
Dusp5 2.2 4.48E-08 | 2.98E-06 | up
Rhob 2.2 1.9E-11 | 3.27E-09 | up
Sox9 2.2 1.34E-07 | 7.64E-06 | up
Bcl3 2.2 5E-06 | 1.51E-04 | up
ler5 2.2 5.15E-12 | 1.02E-09 | up
Akapl2 2.2 2.28E-07 | 1.19E-05 | up
Chka 2.2 1.62E-08 | 1.31E-06 | up
Plk3 2.2 3.63E-08 | 2.5E-06 | up
Col7al 2.1 3.24E-05 | 6.48E-04 | up
RTI-CE6 2.1 3.07E-04 0.004 | up
Gprd 2.1 5.69E-07 | 2.62E-05 | up
Lypd3 2.1 2.19E-06 | 7.93E-05 | up
Ldlr 2.1 3.25E-08 | 2.35E-06 | up
Nrda2 2.1 7.6E-11 | 1.07E-08 | up
S100b 2.1 8.88E-04 0.008 | up
$§100al0 2.1 2.08E-09 | 2.17E-07 | up
Pthlh 2.1 1.36E-04 0.002 | up
Mab2113 2.1 6.22E-11 | 8.98E-09 | up
Dyrk3 2.1 1.78E-04 0.002 | up
Gzmk 2.1 7.84E-05 0.001 | up
Spsbl 2.1 6.33E-07 | 2.84E-05 | up
Gpsml 2.1 4.55E-05 | 8.42E-04 | up
Arntl 2.1 6.8E-05 0.001 | up
Clu 2.1 6.7E-10 | 7.8E-08 | up
Tsc22d1 2.1 6.81E-10 | 7.85E-08 | up
Tinagll 2.0 6.32E-08 4E-06 | up
Creb5 2.0 6.77E-04 0.006 | up
Fgl2 2.0 2.88E-07 | 1.44E-05 | up
Cldn7 2.0 9.74E-08 | 5.86E-06 | up
Uchll 2.0 3.78E-05 | 7.33E-04 | up
Runx1 2.0 9.81E-07 | 4.06E-05 | up
Akr1b8 2.0 7.9E-05 0.001 | up
Epha2 2.0 1.09E-07 | 6.43E-06 | up
ler2 2.0 2.05E-10 | 2.65E-08 | up
Kif4 2.0 2.07E-06 | 7.54E-05 | up
Bhlhal5 2.0 8.24E-04 0.007 | up
Gnatl 2.0 1.34E-05 | 3.29E-04 | up
Arl4a 2.0 6E-14 | 1.75E-11 | up
Bcl6 2.0 3.93E-11 | 6.25E-09 | up
Adamtsl 2.0 1.72E-08 | 1.37E-06 | up
Cxcrd 2.0 1.08E-07 | 6.39E-06 | up
Fegr2b 2.0 9.21E-06 | 2.47E-04 | up
Sh2b2 2.0 2.79E-05 | 5.76E-04 | up
Rnf125 2.0 1.51E-05 | 3.62E-04 | up
Tmbiml 2.0 1.45E-06 | 5.65E-05 | up
Kif5 2.0 5.76E-07 | 2.64E-05 | up
Junb 2.0 7.75E-08 | 4.82E-06 | up
Fam84a 2.0 2.75E-07 | 1.39E-05 | up
Ddit412 2.0 4.13E-04 0.005 | up
Plaur 2.0 3.25E-04 0.004 | up
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Mtla 1.9 2.14E-12 | 4.74E-10 | up
Isg20 1.9 1.83E-04 0.002 | up
Pdk4 1.9 6.45E-04 0.006 | up
Gprl71 1.9 6.63E-16 | 3.26E-13 | up
17 1.9 5.42E-06 | 1.60E-04 | up
Mrcl 1.9 3.71E-06 | 1.19E-04 | up
Satl 1.9 2.41E-07 | 1.23E-05 | up
Alox15 1.9 1.77E-07 | 9.71E-06 | up
Sh2d2a 1.9 2.4E-05 | 5.12E-04 | up
Ephb6 1.9 8.14E-04 0.007 | up
Slcsa3 1.9 2.31E-06 | 8.24E-05 | up
Map3k8 1.9 3.98E-07 | 1.95E-05 | up
P2ryl0 1.9 7.95E-09 | 7.17E-07 | up
Itgh3 1.9 1.76E-06 | 6.63E-05 | up
Jun 1.9 5.18E-12 | 1.02E-09 | up
Lgals3 1.9 1.13E-07 | 6.56E-06 | up
Sbno2 1.9 3.99E-07 | 1.95E-05 | up
Tnfrsf1b 1.9 3.52E-08 | 2.48E-06 | up
Dusp8 1.9 8.03E-07 | 3.41E-05 | up
Nov 1.9 3.65E-04 0.004 | up
Irfl 1.9 3.89E-05 | 7.48E-04 | up
Slc20al 1.9 4.31E-06 | 1.34E-04 | up
Slfn2 1.8 2.34E-05 | 5.03E-04 | up
Angptl8 1.8 0.006 0.032 | up
Pdliml 1.8 6.57E-06 | 1.86E-04 | up
Tnfrsfla 1.8 6.2E-08 | 3.97E-06 | up
1l6r 1.8 1.02E-08 | 8.7E-07 | up
RGD1305807 1.8 3.72E-04 0.004 | up
Ptges 1.8 4.93E-06 | 1.50E-04 | up
Asns 1.8 2.58E-05 | 5.42E-04 | up
Olrl 1.8 6.8E-06 | 1.91E-04 | up
Mss51 1.8 5.2E-05 | 9.31E-04 | up
Sema6b 1.8 1.17E-05 | 2.95E-04 | up
Cyr6l 1.8 3.2E-05 | 6.42E-04 | up
Minppl 1.8 3.7E-06 | 1.19E-04 | up
Dnajb3 1.8 8.36E-06 | 2.27E-04 | up
Cfi 1.8 9.89E-09 | 8.5E-07 | up
Cd3eap 1.8 2.64E-05 | 5.51E-04 | up
Tifa 1.8 1.94E-06 | 7.12E-05 | up
Runx3 1.8 2.16E-05 | 4.73E-04 | up
LOC100909675 1.8 1.02E-06 | 4.2E-05 | up
A3galt? 1.8 8.12E-09 | 7.27E-07 | up
Slfnl3 1.8 1.16E-08 | 9.75E-07 | up
Zdhhcl$8 1.8 5.98E-06 | 1.71E-04 | up
Ace 1.8 4.41E-07 | 2.14E-05 | up
Ferl2 1.8 1.99E-04 0.003 | up
Rassf1 1.8 3.97E-09 | 3.91E-07 | up
Oasl 1.8 1.71E-04 0.002 | up
Themis2 1.8 4.90E-04 0.005 | up
Phldb3 1.7 5.35E-07 | 2.49E-05 | up
Gucala 1.7 4.5E-14 | 1.48E-11 | up
Gadd45g 1.7 0.001 0.011 | up
Bcl2li1 1.7 9.43E-09 | 8.17E-07 | up
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RGDI1311892 1.7 1.23E-04 0.002 | up
Grem?2 1.7 3.15E-05 | 6.38E-04 | up
Rprm 1.7 5.54E-06 | 1.62E-04 | up
Bbc3 1.7 1.94E-05 | 4.37E-04 | up
Cpne8 1.7 1.76E-06 | 6.63E-05 | up
Tes 1.7 9.86E-08 | 5.9E-06 | up
Vmp1 1.7 2.08E-08 | 1.61E-06 | up
Lamb3 1.7 3.37E-05 | 6.69E-04 | up
Slci6a5 1.7 6.78E-05 0.001 | up
Anxa2 1.7 6.26E-09 | 5.8E-07 | up
Gchl 1.7 0.007 0.033 | up
Tns4 1.7 3.24E-04 0.004 | up
Ppp2r3b 1.7 2.58E-05 | 5.42E-04 | up
Cks2 1.7 5.81E-04 0.006 | up
Encl 1.7 2.83E-06 | 9.78E-05 | up
Elmsanl 1.7 7.97E-10 | 8.96E-08 | up
117rb 1.7 1.44E-07 | 8.16E-06 | up
Hmgal 1.7 6.32E-05 0.001 | up
Cited4 1.7 5.69E-04 0.006 | up
Duspl0 1.7 0.001 0.010 | up
Fam227a 1.7 4.50E-04 0.005 | up
LOCI100362783 1.7 0.001 0.009 | up
Ifrd] 1.7 4.54E-07 | 2.18E-05 | up
Map6 1.7 3.19E-06 | 1.06E-04 | up
Etnk2 1.7 3.18E-05 | 6.40E-04 | up
Gmnn 1.7 1.03E-05 | 2.68E-04 | up
Cenll 1.7 1.78E-06 | 6.65E-05 | up
Bigl 1.7 9.39E-09 | 8.17E-07 | up
Pfkfb3 1.7 1.36E-10 | 1.78E-08 | up
RGDI1311946 1.6 2.44E-08 | 1.85E-06 | up
Lcat 1.6 0.002 0.012 | up
Faml10c 1.6 2.12E-06 | 7.72E-05 | up
Pstpipl 1.6 1.05E-06 | 4.31E-05 | up
Tubalc 1.6 2.49E-05 | 0.000528 | up
Hspbl 1.6 8.03E-05 0.001 | up
B4galt5 1.6 2.51E-05 | 5.31E-04 | up
Tfpi2 1.6 0.002 0.012 | up
Rhbdf2 1.6 3.03E-06 | 1.02E-04 | up
Sgkl 1.6 3.68E-06 | 1.19E-04 | up
Slc2al 1.6 8.82E-05 0.001 | up
Agfg?2 1.6 3.47E-08 | 2.45E-06 | up
Clgb 1.6 5.71E-08 | 3.7E-06 | up
Errfil 1.6 4.98E-07 | 2.34E-05 | up
Plk2 1.6 3.04E-08 | 2.23E-06 | up
Efnal 1.6 4.49E-05 | 0.000837 | up
ler3 1.6 5.9E-11 | 8.64E-09 | up
LOC302022 1.6 0.003 0.018 | up
Snx20 1.6 6.31E-06 | 1.80E-04 | up
Ager 1.6 0.008 0.037 | up
Eno2 1.6 4.54E-04 0.005 | up
Kenkl 1.6 7.14E-07 | 3.12E-05 | up
B3galntl 1.6 7.46E-05 0.001 | up
S§100all 1.6 7.12E-09 | 6.48E-07 | up
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Hk2 1.6 3.24E-07 | 1.62E-05 | up
Plekhnl 1.6 0.002 0.013 | up
Ren 1.6 0.003 0.017 | up
Cd300a 1.5 2.61E-04 0.003 | up
Pla2g2a 1.5 0.002 0.012 | up
Sdc4 1.5 8.67E-06 | 2.34E-04 | up
Cnnm4 1.5 1.67E-07 | 9.32E-06 | up
Art4 1.5 0.007 0.035 | up
LOC498276 1.5 7.41E-06 | 2.04E-04 | up
Kcenk5 1.5 5.98E-06 | 1.71E-04 | up
Slc25a25 1.5 1.71E-31 | 6.16E-28 | up
Cxcll4 1.5 2.56E-04 0.003 | up
Lamas 1.5 2.13E-05 | 4.70E-04 | up
Ddit3 1.5 6.17E-05 0.001 | up
Slclas 1.5 5.93E-06 | 1.71E-04 | up
Tubb2b 1.5 8.32E-07 | 3.48E-05 | up
Ppl 1.5 1.98E-11 | 3.35E-09 | up
Ddit4 1.5 1.03E-09 | 1.14E-07 | up
Zyx 1.5 7.54E-07 | 3.24E-05 | up
Cd276 1.5 8.45E-06 | 2.29E-04 | up
Ch25h 1.5 2.8E-06 | 9.73E-05 | up
Ambp 1.5 0.004 0.025 | up
Tsc22d4 1.5 9.62E-07 | 3.99E-05 | up
Prep 1.5 0.002 0.012 | up
Jund 1.5 2.2E-10 | 2.77E-08 | up
Csdc2 1.5 0.002 0.016 | up
Pik3r5 1.5 3.60E-04 0.004 | up
Wfikkn1 1.5 6.62E-04 0.006 | up
Tagin 1.5 5.87E-05 0.001 | up
Zfand2a 1.5 9.48E-06 | 2.52E-04 | up
Rgs2 1.5 2.07E-09 | 2.17E-07 | up
Zbtb16 1.5 3.67E-08 | 2.5E-06 | up
Pkp1 1.5 2.79E-04 0.003 | up
Ccll9 1.5 1.95E-04 0.003 | up
C4a 1.5 4.34E-11 | 6.81E-09 | up
Cnksr3 1.5 7.1E-07 | 3.11E-05 | up
Pdel0a 1.5 0.002 0.016 | up
Gjal 1.5 5.72E-09 | 5.43E-07 | up
Clec9a 1.5 0.003 0.021 | up
RGD1305464 1.5 8.23E-07 | 3.47E-05 | up
Lum 1.5 0.011 0.0480 | up
Zbtb42 1.5 1.14E-06 | 4.6E-05 | up
Aen 1.5 9.44E-05 0.001 | up
Hspb7 1.5 5.60E-04 0.006 | up
Adcyl -1.5 8.59E-04 0.008 | Down
Paqr7 -1.5 3.34E-06 | 1.10E-04 | Down
A4galt -1.5 2.67E-06 | 9.35E-05 | Down
Slcolal -1.5 3.29E-06 | 1.09E-04 | Down
Wscdl -1.5 0.004 0.021 | Down
Dleu7 -1.5 3.46E-08 | 2.45E-06 | Down
Esml -1.6 3.18E-05 | 6.40E-04 | Down
Hykk -1.6 0.009 0.043 | Down
RTI-T24-3 -1.7 0.002 0.016 | Down
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Cmll -1.7 1.54E-06 | 5.89E-05 | Down
RGD1559600 -1.7 0.004 0.024 | Down
Pipox -1.7 5.62E-05 | 9.84E-04 | Down
Pdxp -1.8 4.38E-08 | 2.93E-06 | Down
Glyatll -1.8 5.74E-05 0.001 | Down
1hh -1.8 1.43E-05 | 3.46E-04 | Down
Sv2b -1.8 9.67E-4 0.008 | Down
Snca -1.9 0.007 0.036 | Down
Zfp93 -1.9 8.63E-04 0.008 | Down
Tmemli25 -1.9 0.001 0.009 | Down
LOC367975 -2.0 9.24E-04 0.008 | Down
Rfx6 -2.0 4.31E-05 | 8.14E-04 | Down
Sema3b -2.0 0.001 0.009 | Down
Mylk3 -2.0 0.004 0.024 | Down
Gpro3 -2.2 6.98E-05 0.001 | Down
Slcl6al4 -2.2 4.30E-04 0.005 | Down
LOC690918 -2.2 0.001 0.010 | Down
Spata2?2 -2.4 9.65E-12 | 1.74E-09 | Down
Primal -2.4 3.33E-04 0.004 | Down
Piprq -2.5 7.86E-06 | 2.15E-04 | Down
Pcdh9 -2.5 0.010 0.045 | Down
Rosl -2.6 8.26E-08 | 5.05E-06 | Down
Famli84b -2.6 7.18E-07 | 3.12E-05 | Down
Cyp8bl -2.7 6.7E-05 0.001 | Down
Cyp2cllil -3.9 2.16E-18 | 2.13E-15 | Down
Hrasls -4.0 0.010 0.046 | Down
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Supplemental Table 5. IPA Enriched Canonical Pathways Between CHF+Vehicle and Sham

Ingenuity -log(B-HP | Rat | z-score Molecules
Canonical value) io
Pathway
Acute Phase 7.51 0.1 2.828 A2M,AMBP,C4A/C4B,CEBPB,FGA,FGB,FGG HMOX1,IL1RN,IL6,IL6R,JUN,NFKBIA,0SMR,SERPINA3,SE
Response 18 RPINE1,S0CS1,SOCS3,TNFRSF1A, TNFRSF1B
Signaling
IL-6 Signaling 6.06 0.1 2.84 A2M,CD14,CEBPB,HSPB1,HSPB7,IL1R2,IL1RN,IL6,IL6R,JUN,NFKBIA,PIK3R5,S0CS1,SOCS3,TNFRSF1
21 A,TNFRSF1B
Granulocyte 5.96 0.1 Not CCL19,CLDN4,CLDN7,CSF3,CXCL10,CXCL14,CXCL2,CXCL3,CXCR4,HSPB1,IL1R2,IL1RN,ITGB3,SDC4,S
Adhesion and 08 | predicted | ELP,TNFRSF1A,TNFRSF1B
Diapedesis
Osteoarthriti 5.81 0.0 1 ADAMTS4,AGER,ANXA2,CEBPB,CREB5,DDIT4,ELF3,IHH,IL1R2,PRG4,PTHLH,S100A8,S100A9,SDC4,S
s Pathway 92 0X9,SPHK1,SPP1,TNFRSF1A TNFRSF1B
LXR/RXR 5.71 0.1 0 AMBP,C4A/C4B,CD14,CLU,FGA,IL1R2,IL1RN,IL6,LCAT,LDLR,S100A8 TNFRSF1A, TNFRSF1B,UGT1A3
Activation 26
p38 MAPK 4.72 0.1 2.496 CREB5,DDIT3,DUSP1,DUSP10,HSPB1,HSPB7,IL1R2,IL1RN,MYC,PLA2G2A,TIFA, TNFRSF1A, TNFRSF1
Signaling 13 B
IL-10 4.54 0.1 Not CD14,FCGR2A,FCGR2B,HMOX1,IL1R2,IL1RN,IL6,JUN,NFKBIA,SOCS3
Signaling 49 | predicted
IL-17A 3.94 0.2 Not CEBPB,CEBPD,IL6,JUN,LCN2,NFKBIA,NFKBIZ
Signaling in 12 | predicted
Fibroblasts
Coagulation 3.80 0.2 0.378 A2M,BDKRB2,FGA,FGB,FGG,PLAUR,SERPINE1
System 00
Hepatic 3.41 0.0 Not A2M,CCN2,CD14,COL7A1,CXCL3,EDN1,IL1R2,IL6,IL6R,KLF6,SERPINE1, TIMP1, TNFRSF1A TNFRSF1B
Fibrosis / 77 | predicted
Hepatic
Stellate Cell
Activation
VDR/RXR 3.22 0.1 0.816 CD14,CDKN1A,CEBPB,CXCL10,GADD45A,IGFBP1,KLF4,SPP1,TRPV6
Activation 15
Agranulocyte 3.20 0.0 Not CCL19,CLDN4,CLDN7,CXCL10,CXCL14,CXCL2,CXCL3,CXCR4,Glycam1,IL1RN,SDC4,SELP,TNFRSF1A
Adhesion and 78 | predicted
Diapedesis
Role of 3.02 0.0 Not CCN1,CCN2,F2RL1,FGAFGB,FGGHBEGF,ITGB3,PDXP,PIK3R5,PLAUR
Tissue Factor 87 | predicted
in Cancer
Role of 3.01 0.0 Not ADAMTS4,CEBPB,CEBPD,CREB5,F2RL1,IL1R2,IL1RN,IL6,IL6R,IL7,JUN,MYC,NFKBIA,PIK3R5,SOCS1,S
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Macrophages 57 | predicted | OCS3,TNFRSF1A,TNFRSF1B
, Fibroblasts
and
Endothelial
Cells in
Rheumatoid
Arthritis
Atherosclero 2.65 0.0 Not ALOX15,CLU,CXCR4,IL1RN,IL6,LCAT,PLA2G2A,S100A8,SELP,TNFRSF12A
sis Signaling 85 | predicted
Role of JAK 2.64 0.2 Not IL6,IL6R,0SMR,SOCS1,S0CS3
family 00 | predicted
kinases in IL-
6-type
Cytokine
Signaling
Th1 and Th2 2.62 0.0 Not CXCR4,IL17RB,IL24,IL6,IL6R,IRF1,JUN,NFIL3,PIK3R5,RUNX3,S0CS1,SOCS3
Activation 71 | predicted
Pathway
Glucocorticoi 2.43 0.0 Not A2M,CDKN1A,CEBPB,CXCL3,DUSP1,FGG,FKBP5HSPA1A/HSPA1B,IL1R2,IL1RN,IL6,JUN,KRT18,NFK
d Receptor 52 | predicted | BIA,PIK3R5,SERPINE1,SGK1
Signaling
Hepatic 243 0.0 Not ADCY1,CD14,CYP8B1,IL1R2,IL1RN,IL6,JUN,LIF,NFKBIA, TNFRSF1A TNFRSF1B
Cholestasis 71 | predicted
ERK5 2.21 0.1 2.449 CREB5,FOSL1,LIF,MAP3K8,MYC,SGK1,SH2D2A
Signaling 00
Role of IL- 2.21 0.3 Not CXCL3,S100A8,S100A9
17Ain 75 | predicted
Psoriasis
D-myo- 2.21 0.0 2.53 CA3,DUSP1,DUSP10,DUSP2,DUSP5,DUSP8,MINPP1,PDXP,Ppp2r3d,SOCS3
inositol 71
(1,4,5,6)-
Tetrakisphos
phate
Biosynthesis
D-myo- 2.21 0.0 2.53 CA3,DUSP1,DUSP10,DUSP2,DUSP5,DUSP8,MINPP1,PDXP,Ppp2r3d,SOCS3
inositol 71
(3,4,5,6)-
tetrakisphos
phate

41




Biosynthesis

GADD45 2.19 0.2 Not CDKN1A,GADD45A,GADD45B,GADD45G
Signaling 11 | predicted
Role of 2.12 0.0 Not ADAMTS4,BIRC3,IL1R2,IL1RN,IL6,IL7,ITGB3,JUN,NFKBIA,PIK3R5,SPP1, TNFRSF1A,TNFRSF1B
Osteoblasts, 57 | predicted
Osteoclasts
and
Chondrocyte
sin
Rheumatoid
Arthritis
Role of 1.98 0.1 Not CSF3,IL1RN,IL23A,IL24,IL6
Cytokines in 32 | predicted
Mediating
Communicati
on between
Immune Cells
3- 1.98 0.0 2.53 CA3,DUSP1,DUSP10,DUSP2,DUSP5,DUSP8,MINPP1,PDXP,Ppp2r3d,SOCS3
phosphoinosi 65
tide
Degradation
Apelin 1.98 0.1 -2 CCN2,IL6,SERPINE1,SPHK1
Cardiac 82
Fibroblast
Signaling
Pathway
IL-12 1.97 0.0 Not ALOX15,CEBPB,CLU,IL23A,IRF1,JUN,MAP3K8,PIK3R5,S100A8
Signaling and 69 | predicted
Production in
Macrophages
Production of 1.97 0.0 3.317 CLU,IRF1,JUN,MAP3K6,MAP3K8,NFKBIA,PIK3R5,RHOB,S100A8, TNFRSF1A, TNFRSF1B
Nitric Oxide 60
and Reactive
Oxygen
Species in
Macrophages
Hematopoies 1.97 0.1 Not CSF3,EPO,IL6,IL7,LIF
is from 28 | predicted
Pluripotent

42




Stem Cells

D-myo- 1.97 0.0 2.53 CA3,DUSP1,DUSP10,DUSP2,DUSP5,DUSP8,MINPP1,PDXP,Ppp2r3d,SOCS3
inositol-5- 63
phosphate
Metabolism
GP6 Signaling 1.97 0.0 3 COL7A1,FGAFGB,FGG,ITGB3,LAMAS5,LAMB3,LAMC2,PIK3R5
Pathway 69
p53 Signaling 1.96 0.0 0 BBC3,CDKN1A,GADD45A,GADD45B,GADD45G,JUN,PIK3R5,RPRM
75
Induction of 1.96 0.0 0.816 BBC3,BIRC3,CXCR4,NFKBIA TNFRSF1A, TNFRSF1B
Apoptosis by 98
HIV1
HMGB1 1.96 0.0 2.828 AGER,IL6,JUN,LIF,PIK3R5,RHOB,SERPINE1, TNFRSF1A,TNFRSF1B
Signaling 68
Hematopoies 1.96 0.2 Not CSF3,EPO,IL7
is from 73 | predicted
Multipotent
Stem Cells
IGF-1 1.93 0.0 0 CCN1,CCN2,CCN3,IGFBP1,JUN,PIK3R5,S0CS1,SOCS3
Signaling 73
Prolactin 1.86 0.0 0.816 CEBPB,IRF1,JUN,MYC,PIK3R5,S0CS1,SOCS3
Signaling 80
iNOS 1.86 0.1 Not CD14,HMGA1,IRF1,JUN,NFKBIA
Signaling 14 | predicted
3- 1.86 0.0 2.714 CA3,DUSP1,DUSP10,DUSP2,DUSP5,DUSP8,MINPP1,PDXP,PIK3R5,Ppp2r3d,SOCS3
phosphoinosi 56
tide
Biosynthesis
JAK/Stat 1.84 0.0 0.378 CDKN1A,CEBPB,IL6,JUN,PIK3R5,S0CS1,SOCS3
Signaling 79
Superpathwa 1.81 0.0 2.887 CA3,DUSP1,DUSP10,DUSP2,DUSP5,DUSP8,ITPKC,MINPP1,PDXP,PIK3R5,Ppp2r3d,SOCS3
y of Inositol 52
Phosphate
Compounds
IL-7 Signaling 1.81 0.0 0.816 BCL6,IL7,JUN,MYC,PIK3R5,SLC2A1,SOCS1
Pathway 77
Germ Cell- 1.81 0.0 Not A2M,MAP3K6,MAP3K8,PIK3R5,RHOB,TNFRSF1A,TUBA1C,TUBB2B,TUBB6,ZYX
Sertoli Cell 58 | predicted
Junction
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Signaling

Dendritic Cell 1.80 0.0 3 CREB5,FCGR2A,FCGR2B,IL1RN,IL23A,IL6,NFKBIA,PIK3R5,TNFRSF1A, TNFRSF1B
Maturation 58
ATM 1.72 0.0 Not CDKN1A,CREB5,GADD45A,GADD45B,GADD45G,JUN,NFKBIA
Signaling 73 | predicted
TNFR2 1.72 0.1 1 BIRC3,JUN,NFKBIA,TNFRSF1B
Signaling 33
Sertoli Cell- 1.72 0.0 Not A2M,CLDN4,CLDN7,JUN,MAP3K6,MAP3K8,TNFRSF1A,TUBA1C,TUBB2B,TUBB6
Sertoli Cell 56 | predicted
Junction
Signaling
Th1 Pathway 1.70 0.0 0.707 IL6,IL6R,IRF1,NFIL3,PIK3R5,RUNX3,5S0CS1,S0CS3
65
Glioma 1.64 0.0 1.633 CD44,ITGB3,PIK3R5,PLAUR,RHOB,TIMP1
Invasiveness 80
Signaling
Role of JAK2 1.64 0.1 Not EPO,SH2B2,S0CS1,SOCS3
in Hormone- 25 | predicted
like Cytokine
Signaling
Extrinsic 1.63 0.1 Not FGA,FGB,FGG
Prothrombin 88 | predicted
Activation
Pathway
Adipogenesis 1.58 0.0 Not ARNTL,CEBPB,CEBPD,DDIT3,EGR2,KLF5,SOX9,TNFRSF1A
pathway 61 | predicted
Neuroinflam 1.54 0.0 2.887 AGER,BIRC3,CREB5,CXCL10,HMOX1,IL6,IL6R,JUN,PIK3R5,PLA2G2A,S100B,SNCA, TNFRSF1A
mation 45
Signaling
Pathway
NRF2- 1.53 0.0 1.89 ENC1,FKBP5,FOSL1,GPX2,HMOX1,JUN,JUNB,JUND,MAFF,PIK3R5
mediated 51
Oxidative
Stress
Response
Complement 1.53 0.1 1 C1QB,C4A/C4B,CFD,CFI
System 14
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The significance values (P value of overlap) for the canonical pathways are calculated by the right-tailed Fisher's Exact Test. The ratio
is the number of molecules in a given pathway divided by the total number of molecules that make up that pathway and that are in the
reference set. Z-scores indicate activity of a pathway. Positive z-scores indicate activation,and negative z-score predicts overall
decrease in activity.
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Supplemental Table 6. Differentially Expressed Genes Between CHF+Veh and CHF+RTX

Gene log2 Fold Change | P value P adj Direction
Cyp2clll 3.5 2.05E-12 | 3.17E-09 up
Serpinbl2 3.5 0.003 0.041 up
Mchrl 3.0 5.88E-05 0.003 up
Sedl 2.6 4.62E-04 0.012 up
Ptprq 2.5 5.17E-05 0.003 up
Sds 2.4 3.42E-04 0.010 up
Rosl 2.3 3.03E-05 0.002 up
Armce3 2.2 0.002 0.029 up
Fzd5 2.0 1.47E-14 | 5.30E-11 up
Anxal3 2.0 7.66E-05 0.003 up
Arl5h 1.9 1.99E-12 | 3.17E-09 up
Cabp7 1.8 0.003 0.037 up
Slcolal 1.8 6.12E-07 | 8.95E-05 up
Coql10b 1.7 5.80E-08 | 1.21E-05 up
Ccdcll4 1.7 2.91E-04 | 0.008695 up
Fbxo32 1.7 1.73E-08 | 4.56E-06 up
Phf21b 1.7 0.003 0.041 up
Yodl 1.7 2.98E-10 | 1.50E-07 up
Gramdlb 1.6 2.14E-08 | 5.53E-06 up
Upp2 1.6 1.14E-08 | 3.26E-06 up
Pou3fl 1.6 6.28E-04 0.014 up
Spata2?2 1.6 4.07E-05 0.002 up
Sicla4 1.6 2.33E-06 | 2.47E-04 up
Gnatl 1.5 2.86E-04 0.009 up
Irf4 1.5 5.89E-04 0.014 up
Egfr 1.5 2.81E-05 0.002 up
Ddx25 1.5 3.46E-04 0.010 up
Prdml 1.5 1.38E-04 0.005 up
Resdl -1.5 0.003 0.035 down
Gjas -1.5 4.86E-05 0.002 down
Apoc2 -1.5 0.003 0.038 down
Sash3 -1.5 0.003 0.037 down
Tgfb2 -1.5 2.06E-04 0.007 down
Tir4 -1.5 0.002 0.035 down
Ccnb2 -1.5 0.001 0.020 down
Prifdcl -1.5 0.002 0.033 down
Marcks -1.5 7.91E-09 | 2.48E-06 down
Olfml3 -1.5 1.23E-04 0.005 down
Dlgap5 -1.5 7.68E-04 0.016 down
Cmtm3 -1.5 6.43E-05 0.003 down
Lyz2 -1.5 1.14E-18 | 1.23E-14 down
Chsti2 -1.5 3.01E-04 0.009 down
Dcn -1.5 3.04E-10 | 1.50E-07 down
Cyp26b1 -1.5 0.003 0.037 down
Selplg -1.6 0.002 0.028 down
Trafl -1.6 0.004 0.050 down
Bstl -1.6 2.79E-04 0.008 down
Cd44 -1.6 1.93E-05 0.001 down
Ect2 -1.6 2.02E-04 0.007 down
Tnfsfl10 -1.6 5.35E-05 0.003 down
Top2a -1.6 9.25E-06 | 7.15E-04 down
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Spil -1.6 2.27E-05 0.001 down
Baat -1.6 8.61E-04 0.018 down
Cd200 -1.6 1.83E-04 0.006 down
Znrdlasl -1.6 5.89E-05 0.003 down
Pou2afl -1.6 0.004 0.048 down
Thxasl -1.6 2.71E-06 | 2.77E-04 down
Gngt2 -1.6 6.99E-06 | 5.82E-04 down
Dikk3 -1.6 3.49E-04 0.010 down
Ferl2 -1.6 0.002 0.034 down
Ccl21 -1.6 3.74E-05 0.002 down
Adamts2 -1.7 0.003 0.042 down
Axl -1.7 1.66E-05 0.001 down
Hfe2 -1.7 0.003 0.036 down
Adgrel -1.7 4.74E-05 0.002 down
Hmx2 -1.7 0.000227 0.007 down
Plek -1.7 1.01E-07 | 1.88E-05 down
C6 -1.7 0.002 0.031 down
Nov -1.8 0.003 0.041 down
Pycard -1.8 7.21E-06 | 5.96E-04 down
Mki67 -1.8 1.00E-09 | 4.01E-07 down
Egflam -1.8 4.92E-04 0.012 down
Hacd4 -1.8 0.002 0.034 down
Lgalsl -1.8 8.83E-11 | 7.63E-08 down
Alox15 -1.8 3.19E-05 0.002 down
Pnma2 -1.8 0.003 0.038 down
Emp3 -1.8 3.17E-06 | 3.10E-04 down
Scara3 -1.8 5.01E-05 0.003 down
Rab3ill -1.8 5.89E-04 0.014 down
Srpx2 -1.8 1.49E-04 0.006 down
Lck -1.8 3.50E-05 0.002 down
Reml -1.8 6.25E-05 0.003 down
B3galt2 -1.9 6.23E-04 0.014 down
Sox18 -1.9 0.002 0.034 down
Igsf6 -1.9 2.55E-05 0.002 down
TIr8 -2.0 4.11E-04 0.011 down
Cleci2a -2.0 2.57E-06 | 2.70E-04 down
Loxl1 -2.0 1.90E-10 | 1.21E-07 down
Clec4al -2.0 5.46E-05 0.003 down
Cfi -2.0 5.68E-08 | 1.21E-05 down
EviZa -2.0 0.002 0.027 down
Ccll9 -2.1 9.16E-06 | 7.15E-04 down
Tril -2.1 6.56E-04 0.015 down
Arlll -2.1 1.06E-06 | 1.33E-04 down
Trpc6 -2.1 8.98E-04 0.018 down
Eln -2.1 8.01E-05 0.003 down
Agtrlb -2.2 1.92E-04 0.006 down
Srms -2.2 0.004 0.049 down
Gpr34 -2.2 0.001 0.021 down
Ptprzl -2.2 4.25E-04 0.011 down
Upk3bl -2.2 7.83E-05 0.003 down
Lum -2.2 0.001 0.025 down
Cenpf -2.2 6.03E-07 | 8.95E-05 down
Clarl -2.2 2.22E-04 0.007 down
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LOCI100365008 2.2 0.002 0.026 down
Hsdl7b2 -2.3 3.01E-04 0.009 down
Adrald 2.3 0.001 0.020 down
Folr2 2.3 3.33E-04 0.009 down
Fibin 2.4 4.02E-05 0.002 down
Collal -2.4 8.03E-09 | 2.48E-06 down
C4b -2.4 9.30E-13 | 2.01E-09 down
Clec4a3 -2.4 1.16E-09 | 4.50E-07 down
1120ra -2.5 0.004 0.049 down
Lilra5 -2.5 0.003 0.037 down
Gpnmb -2.7 2.62E-06 | 2.73E-04 down
Knglll -2.7 1.73E-04 0.006 down
Fami80a -2.9 4.76E-06 | 4.26E-04 down
Cxcll3 -3.1 1.58E-04 0.006 down
Scaral -3.1 2.12E-04 0.007 down
Cyp3a9 -3.2 8.56E-04 0.018 down
Haverl -4.4 4.60E-06 | 4.19E-04 down
Ubd -4.5 2.14E-04 0.007 down
1124 -6.0 2.78E-04 0.008 down
Famllla -7.7 2.15E-05 0.001 down
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Supplemental Table 7. IPA Enriched Canonical Pathways Between CHF+Vehicle and CHF+RTX

Ingenuity Canonical Pathway -log(P value) | Ratio z-score Molecules
IL-12 Signaling and Production in 3.85 0.046 | Not predicted | ALOX15,APOC2,LYZ,SPI11,TGFB2,TLR4
Macrophages
LXR/RXR Activation 3.24 0.045 0 APOC2,C4A/C4B,LYZ,SCD,TLR4
Wnt/B-catenin Signaling 3.24 0.036 1.342 CD44,DKK3,FZD5,SO0X18,TGFB2,UBD
Atherosclerosis Signaling 3.12 0.042 | Not predicted | ALOX15,APOC2,COL1A1,LYZ,SELPLG
Hepatic Fibrosis / Hepatic Stellate Cell 3.08 0.033 | Not predicted | Agtrlb,CCL21,COL1A1,EGFR,TGFB2,TLR4
Activation
Phagosome Formation 3.02 0.040 | Not predicted | C5AR1,Fcrls, SCARA3,TLR4,TLRS
Toll-like Receptor Signaling 2.97 0.054 | Not predicted | TLR4,TLRS,TRAF1,UBD
Complement System 2.91 0.086 | Not predicted | C4A/C4B,C5AR1,CFI
Altered T Cell and B Cell Signaling in 2.75 0.047 | Not predicted | CCL21,CXCL13,TLR4,TLR8
Rheumatoid Arthritis
Granulocyte Adhesion and Diapedesis 2.57 0.032 | Not predicted | CSAR1,CCL19,CCL21,CXCL13,SELPLG
Agranulocyte Adhesion and Diapedesis 2.45 0.030 | Not predicted | C5AR1,CCL19,CCL21,CXCLI13,SELPLG
Inflammasome pathway 2.24 0.105 | Not predicted | PYCARD,TLR4
Role of Pattern Recognition Receptors in 2.09 0.031 | Not predicted | C5SAR1,TGFB2,TLR4,TLRS
Recognition of Bacteria and Viruses
Role of Macrophages, Fibroblasts and 1.91 0.019 | Not predicted | C5SAR1,DKK3,FZD5,TLR4,TLRS,TRAFI
Endothelial Cells in Rheumatoid Arthritis
L-serine Degradation 1.74 0.333 | Not predicted | SDS
Colorectal Cancer Metastasis Signaling 1.74 0.020 0 EGFR,FZD5,TGFB2, TLR4,TLR8
Tec Kinase Signaling 1.73 0.024 | Not predicted | GNATI1,LCK,TLR4,TNFSF10
Estrogen Biosynthesis 1.61 0.050 | Not predicted | CYP3A7,HSD17B2
NF-«B Signaling 1.60 0.022 -1 EGFR,LCK, TLR4,TLR8
Production of Nitric Oxide and Reactive 1.58 0.022 | Not predicted | APOC2,LYZ,SPI1,TLR4
Oxygen Species in Macrophages
Neuroinflammation Signaling Pathway 1.49 0.017 -1.342 CD200,PYCARD, TGFB2,TLR4,TLRS
FXR/RXR Activation 1.46 0.026 | Not predicted | APOC2,BAAT,C4A/C4B
Cell Cycle: G2/M DNA Damage 1.43 0.040 | Not predicted | CCNB2,TOP2A
Checkpoint Regulation
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Phototransduction Pathway 1.43 0.040 | Not predicted | GNATI,GNGT2

LPS/IL-1 Mediated Inhibition of RXR 1.40 0.019 | Not predicted | APOC2,CHST12,CYP3A7,TLR4
Function

The significance values (P value of overlap) for the canonical pathways are calculated by the right-tailed Fisher's Exact Test. The ratio is the number of
molecules in a given pathway divided by the total number of molecules that make up that pathway and that are in the reference set. Z-scores indicate activity of a
pathway. Positive z-scores indicate activation, and negative z-score predicts overall decrease in activity.
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